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Cessation of smoking after myocardial infarction
Effects on mortality after 10 years
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SUMMARY Ten annual cohorts of men suffering from their first myocardial infarction have been
followed up to a maximum period of 10.5 years. One thousand and twenty-three male patients of
1306 were smokers. Three months after the infarction 55% had stopped smoking and 45% continued
smoking. These two groups were then compared and followed with regard to non-fatal reinfarctions
and deaths.

Preinfarction characteristics were shown to be similar for the two groups. The prognostic com-

parability of the two groups was tested using two multiple logistic models. Those who stopped
smoking had a slightly higher predicted two year mortality after the infarction. In different age

groups it is shown with life table technique that those who stopped smoking had a considerably
higher survival rate and lower cumulative frequency of reinfarction.
The present study shows a reversion of the expected prognosis after myocardial infarction caused

by changing the smoking habit.

Cigarette smoking is one of the major risk factors for
the development of coronary heart disease.'I- In a
previous report we have shown the beneficial effects
of stopping smoking after myocardial infarction.
Those who stopped smoking had only half the car-
diovascular mortality rate and only half the rate of
non-fatal recurrences compared with those who con-
tinued to smoke.4 An increased death rate among
those who continue to smoke has also been shown by
others.S- 7
The aim of the present study was to investigate

whether our early findings were stable or even
enhanced during a prolonged follow-up, and if the
proposed effect of changing the smoking habit dif-
fered in certain age-groups.

Patients and methods

As from 1 January 1968, all cases of myocardial
infarction occurring in Goteborg have been registered
by the MI Register.8 The present study comprised
men who suffered their first myocardial infarction and
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whose ages were as follows: for the two years 1968 to
1969 all patients aged 55 years and below; for the two
years 1970 to 1971 all patients aged 67 years and
below (with the exception of a random 30% sample for
those aged 57 to 59 who formed a reference group);
for 1972 every other patient below 65 years; from
1973 up to and including 31 December 1977 all
patients aged 59 years and below, making a total of
1306 male patients who survived their stay in hospital.

All patients were followed from discharge up to a
maximum period of 10-5 years at a special post-
myocardial infarction clinic. Control examinations
took place immediately after discharge (one to three
weeks), and three, 12, 24, 60, and 120 months after
the infarction, as well as at stages indicated by the
clinical situation. The treatment of patients after dis-
charge from hospital was completely standardised and
uniform rules were established by means of regular
meetings of members of this clinic. All patients were
informed about the relation between smoking and
coronary heart disease, and smokers were advised to
stop smoking. Printed information was given in the
form of special brochures. For all interviews, physical
examinations, and laboratory investigations, identical
questionnaires and laboratory methods were used by
the same group of investigators. In order to ascertain a
uniform collection of data, special forms were pre-
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pared. The form for the period of hospital stay con-

tained vital statistics, information on previous dis-
eases, cardiovascular and respiratory symptoms,
smoking habits, physical activity at work and during
leisure time, conditions at onset of the disease, during
hospital care, and at discharge. The form used for
follow-up examinations included the occurrence of
cardiovascular and respiratory symptoms, smoking
habit, complications, certain diseases, physical status,
and laboratory data.9

Patients who smoked at least one cigarette, or the
equivalent amount of tobacco each day, or who had
stopped smoking less than three months before the
myocardial infarction, were classified as smokers.
Patients who had never smoked or who had smoked
continuously for less than one month were defined as

non-smokers. Other patients were regarded as ex-

smokers. The patients who stopped smoking after
myocardial infarction and were still non-smokers
three months after the myocardial infarction were

regarded as having stopped smoking.
For recording dyspnoea and chest pain on exertion

the questions published by Rose and Blackburnm'
were used. All subjects who had dyspnoea or chest
pain when walking up a small hill or walking rapidly
on level ground, or upon lesser exertion, were

recorded as having dyspnoea or chest pain upon exer-

tion. Previously known hypertension and diabetes
were recorded if present. With regard to chest pain
and dyspnoea at the onset of myocardial infarction,
the patient's statement at the first interview was used.
Left ventricular failure during the hospital stay was
considered to exist when more than occasional basal
pulmonary rales or increased prominence of pulmo-
nary vessels on x-ray film were noted in the patient's
records. Other conditions, such as atrial fibrillation,
were considered to have occurred if they had been
recorded at any time during the period of stay in hos-
pital. Also recorded were disturbances of conscious-
ness, hypotension, or leucocytosis, maximum temp-
erature during the first three days in hospital, the
number of days in hospital, and treatment when in
hospital and when discharged. Blood samples for
transaminase determinations (AST and ALT) were
taken on three consecutive days according to a special
standardised schedule.

The occurrence of deaths and reinfarction was
established by the MI register.8 The same criteria of
diagnosis for non-fatal reinfarction were applied as
were used for acute myocardial infarction at the
beginning of the study. For new, non-fatal reinfarc-
tion to be registered, two of the following three
criteria had to be fulfilled: central chest pain sus-
pected to be caused by myocardial infarction, trans-
aminase rises according to a special pattern, or typical
electrocardiographic abnormalities of recent onset.8
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The reinfarction was considered non-fatal if the
patient was discharged alive from hospital or survived
reinfarction for more than 28 days. The diagnosis
"death caused by coronary heart disease" was based
in 800/o of the cases on necropsy and in 20% of the
cases on typical course of the fatal episode. Death
certificates and necropsy records were available for all
patients who died. Deaths were divided into those
caused by coronary heart disease and other deaths. In
the present investigation other causes of death com-
prised stroke, pulmonary embolism, cancer, sepsis,
and suicide."
The present report deals with the effect of stopping

smoking by comparing those who smoked before
myocardial infarction and later stopped, with those
who continued to smoke after the infarction.

Statistical analyses

The Mantel-Haenszel test was used to get a crude test
of the difference between the two survival curves. The
Cox proportional hazard model was used.'2 13 This
model assumes proportional hazards, that is the effect
of stopping smoking should be proportional to the
mortality rate (hazard). Early after the myocardial
infarction there is an extremely high mortality rate
but the effect of stopping smoking is probably low in
this period. In this study the patients are included
after three months. A plot of the different hazard
functions showed that the Cox model was well suited
for this observation period. The probability of car-
diovascular death during the initial follow-up was cal-
culated using multiple logistic models. ' There is no
ideal model to adjust for prognostic factors. There-
fore, two models were used. In model I age, peak
enzyme level, and the occurrence of left ventricular
failure were used in a Cox analysis. In model II Cox
analysis included age and a logistic severity index'4
using previous hypertension and variables listed in
Tables 1 and 2.

For analyses of the fourfold table Fisher's exact test
was used. Differences of continuous variables were
tested by t test. P values based on a two sided test are
given.

Table 1 Variables recorded during hospital stay in relation to
smoking status three months after myocardial infarction

Risk factor Stopped Continued p
(n=542) (n=441)

Dyspnoea on
infarction (%) 25-0 23-9 <0-20

Left ventricular
failure (%) 25-1 16-4 >0-001

Atrial flutter/
fibrillation 3-5 5-2 0-19
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Table 2 Variables recorded during hospital stay in relation to smoking status three months after myocardial infarction

Risk factor Stopped Continued p
(n=542) (n=441)
X SD XSD

Mean pe*k AST
(ukat/l) 3.1±2.3 2-7±2-5 <0-01

Relative heart
volume (ml/m2 BSA) 470±91 467±92 >0-20

Table 3 Numbers ofmen withfirst myocardial infarction and different smoking habits discharged alivefrom hospital 1968 to 1977

Age (y) Non-smokers Ex-smokers Smokers Total

-39 4 2 33 39
40-44 4 3 76 83
45-49 13 13 170 196
50-54 37 33 303 373
55-59 45 53 320 418
60- 28 42 121 191

Total 131 146 1023 1300

Table 4 Numbers ofmen withfirst myocardial infarction in relation to smoking status at three months

Age (y) Stopped Continued Total

No. % No. % No. %

-39 13 43 17 57 30 3-1
40-44 30 40 45 60 75 7-6
45-49 88 54 76 46 164 16-7
50-54 163 56 129 44 292 29-7
55-59 181 58 129 42 310 31-5
60- 67 60 45 40 112 11-3

Total 542 55 441 45 983

Results

Smoking habits and age distributions of the patients
are presented in Table 3; 1023 patients were smokers
(78%), 131 non-smokers (10%/6), and 146 ex-smokers
(11%). For six patients the smoking status before
myocardial infarction could not be established. Three
months after infarction, 542 (55%) patients had stop-
ped smoking while 441 (45%) continued to smoke.
Between discharge and the establishment of the
post-myocardial infarction smoking habit at three
months after infarction 11 patients had died and in an

additional 29 patients the smoking habit could not be
established because the patients were alcoholics, men-
tal hospital patients, or had moved from the area.

Thus, 983 patients were followed.
The percentage of patients who stopped smoking in

the different age groups is presented in Table 4 and

was unchanged for the different annual cohorts
throughout the study. There was a difference in mean
age, those who stopped smoking being older than
those who continued (53.2 vs 52-0; p<001). Of the

patients who claimed to have stopped smoking three
months after myocardial infarction, 90%/O were still not
smoking at the 12 month control. Carboxy-
haemoglobin was tested in 100 patients in 1973. These
patients were at various stages in the follow-up from
three months up to five years after myocardial infarc-
tion. One patient had a carboxyhaemoglobin over the
normal value.
The prognostic comparability of the two groups in

the present study was assessed. Some preinfarction
characteristics are presented in Table 5. The fre-

Table 5 Preinfarction characteristics in relation to smoking
status at three months after myocardial infarction
Charateristic Stopped Continued p

(n=542) (n=441)

Angina pectoris 33-9 39.9 >0-20
Hypertension 17-7 22-5 0-076
Diabetes 5-2 4-6 >0-20
Digitalis therapy 3-1 4.8 >0-20
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Table 6 Number ofdeaths during up to lO5years follow-up in relation to smoking status three months after myocardial infarction
Age (y) Stopped smoking Continued to smoke

Cause of death Cause of death

No. CHD Other Total No. CHD Other Total

50 (n=269) 131 10 3 13 (10%) 138 20 10 30 (22%)
>50 (n=714) 411 70 14 84 (20%) 303 74 22 96 (32/o)
Total (n=983) 542 80 17 97(18%) 441 94 32 126(29%)

CHD, coronary heart disease.
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Fig. 1 Survival curvesfor allpaties in relation to smoking status at three months. (The period after
eightyears is not shown because of the small number ofpatients involved.)

quency of hypertension tended to be slightly higher in
the group who continued to smoke.

Prognostic variables, defined above, differed in the
two groups (Table 1 and 2) in respect of left ventricu-
lar failure and mean peak enzyme change. According
to prognostic model I there was a 9-3% higher
expected mortality after two years in the group that
stopped smoking. According to prognostic model II
this difference in expected mortality was slightly less,
but still the group that stopped smoking was biased to

a 8-1% higher expected mortality for two years of
follow-up (p<001). This difference was small, how-
ever; the expected two year mortality for the group
who continued to smoke was 8-3% and 9-00/o for those
who stopped smoking.

Other variables after discharge from hospital have
been studied. During the follow-up period there were
no differences between the groups in the frequency of

angina pectoris, diabetes, or hypertension. The blood

pressure levels three, 12, and 24 months after infarc-
tion did not differ between the groups. The choles-
terol and triglyceride values at the same controls were
also comparable. Treatment with lipid lowering drugs
was never more frequent than 8% in the highest
cholesterol quintile and was the same in both groups.
The mean weight tended to be higher one year after
the myocardial infarction for those who stopped
smoking (p=0084). The frequency of beta blocking
treatment increased during the study period, but was
comparable in the two groups.
There were altogether 223 deaths during up to 10-5

years of follow-up and these were related to smoking
habits three months after myocardial infarction
(Table 6). In the group who stopped smoking the
cumulative survival rate was 84% after five years and
in the group who continued to smoke the five year
survival rate was 78% (Fig. 1). The Mantel test gave a

significant difference between the survival curves
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Fig. 2 Surival curvesforpatients below 5Oyears ofage in relation to smoking status at three months.
(The period after eightyears is not shown because of the small number ofpatients involved.)
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Fig. 3 Survival curvesforpatients above 5Oyears ofage in relation to smoking status at three months.
(The period after eight years is not shown because of the small number ofpatients involved.)

(p<O'000l). The Cox analysis of survival curves

showed a difference (p<0001) after adjusting for age
and the prognostic index. Seventy-five per cent survi-
val was reached after 71 months for those who con-

tinued to smoke and was not reached after 115 months
for those who stopped smoking.

Below 50 years of age, those who stopped smoking

had a five year survival rate of 880/o and those who
continued had 84% survival after 5 years (Fig. 2;
p<0*O2). Above 50 years of age, those who stopped
smoking had a survival rate of 82% after five years and
those who continued a 75% survival rate (Fig. 3;
p<0.OO1).
Among the 983 patients there were 231 non-fatal
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Table 7 Nunber ofnon-fatal reinfarctions ding up to 1O*5 years foUow-up in relation to smoking status three mons after
myocardial infarction

Age (y) Stopped smoking Continued to smoke

No. Reinfarction No. Reinfarction

650(n=269) 131 23(18%) 138 38(28%)
>50 (n=714) 411 81 (20%) 303 89 (29%o)
Total (n=983) 542 104 (19%) 441 127 (29%)

Cumulative
relnfarctlon rate
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10 1 / |-- Cntinued to smoke|

10 e~---- Stopped smoking|

0 Follow -up
years

No stopped 4 478 403 340 263 219 176 143 82

No continued 4 378 3191 268 213 1 83

Fig. 4 Cumulative reinfarction ratefor aUpatients in relation to smoking status at three months. (The
period after eightyears is not shown because of the smaU number ofpatients involved.)

recurrences during up to 10 5 years follow-up (Table
7). The difference between the two groups was not

strongly related to age above and below 50.
The cumulative reinfarction rate after five years was

21% for those who stopped smoking and 30% for
those who continued to smoke (Fig. 4; p<O-OOOl).
Below 50 years of age, those who stopped smoking

had a five year reinfarction rate of 20% and those who
continued to smoke had a rate of 27% (p=0.06).
Above 50 years of age those who stopped smoking had
a reinfarction rate of 21% and those who continued a

rate of 31% (p<0-01).

Discussion

The patients studied were unselected and the methods
used were standardised and unchanged throughout
the period of follow-up.8 9 The number of patients
who could not be followed up was negligible. The two

groups studied were previously shown to have had an

equal tobacco consumption before the onset of

myocardial infarction.4 Patients who stopped smok-

ing after infarction seldom resumed smoking.-5 This
was in contrast to experience of antismoking cam-
paigns in the general population.'6 The validity of the
reported tobacco consumption after myocardial
infarction was tested in a separate study, blood levels
of carboxyhaemoglobin being correlated with the
reported tobacco consumption. The correlation was
good and ex-smokers had blood levels in the normal
range (C Wilhelmsson, unpublished observations).
The completeness and quality of endpoints (death

and non-fatal reinfarction) have been tested and dis-
cussed previously,8"1I as have the methods used dur-
ing the follow-up period.9 The two groups studied
were comparable regarding variables recorded before
the infarction except for a slight but not significant
difference in the frequency of hypertension before
myocardial infarction. When other variables of more
pronounced prognostic importance after myocardial
infarction were analysed the prognostic index was
worse in the group who stopped smoking and this
group had a slightly higher predicted two year mortal-
ity than the group that continued to smoke. Thus, the
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patients who stopped smoking had a more severe risk
of myocardial infarction. The survival rate in this
group was, however, considerably higher, reflecting
an inversion of the expected prognosis. The difference
in group survival rate was shown in the totality of
patients as well as among men under 50 years of age,
and in the former the lack of difference between the
two groups in mortality after one year supports an
early effect of the cessation of smoking, since a higher
mortality was predicted among those who stopped.'4
In the lower age groups the difference was evident
within three years after the myocardial infarction.
This rapid beneficial effect of withdrawal from
cigarette smoking suggests improvement of factors
with relatively short time constants, such as a decrease
in lethal arrhythmias, or a change of platelet adhe-
siveness or of myocardial metabolism, rather than
effects mediated via progressive changes in the coro-
nary arteries.
The observed reduction of mortality was supported

by our previous finding4 and by other investi-
gators.5-717 The findings were further supported by
the observed reduction of non-fatal reinfarctions.
The present study shows a reversion of the

expected prognosis after myocardial infarction caused
by changing the smoking habit. Tobacco smoking is a
major risk factor both for the initial occurrence of
clinical coronary heart disease and for the prediction
of subsequent episodes. The finding of this study sug-
gests that it is highly plausible that tobacco smoking
among survivors of myocardial infarction makes a
causal contribution to reinfarction and coronary
death.

References

1 Hammond EC, Garfmkel L. Coronary heart disease,
stroke and aortic aneurysm. Factors in the etiology. Arch
Environ Health 1969; 19: 167-82.

2 Reid DD, Hamilton PJS, McCartney P, Rose G, Jarrett
H, Keen H. Smoking and other risk factors in coronary
heart disease in British civil servants. Lancet 1976; ii:
979-84.

3 Doll R, Peto R. Mortality in relation to smoking: twenty
years observations on male British doctors. Br Med J
1976; ii: 1525-36.

4 Wilhelmsson CE, Elmfeldt D, Vedin JA, Tibblin G,
Wilhelmsen L. Smoking and myocardial infarction. Lan-
cet 1975; i: 415-20.

5 Mulcahy R, Hickey N, Graham IM, MacAirt J. Factors
affecting the 5-year survival rate of men following acute
coronary heart disease. Am Heart J 1977; 93: 556-9.

6 Sparrow D, Dawber TR, Colton T. The influence of
cigarette smoking on prognosis after a first myocardial
infarction. J Chronic Dis 1978; 31: 425-32.

7 Salonen JT. Stopping smoking and long-term mortality
after acute myocardial infarction. Br Heart J 1980; 43:
463-9.

8 Elmfeldt D, Wilhelmsen L, Tibblin G, Vedin JA,
Wilhelmsson CE, Bengtsson C. Registration of myocar-
dial infarction in the city of Goteborg, Sweden.J Chronic
Dis 1975; 28: 173-86.

9 Elmfeldt D, Wilhelmsen L, Tibblin G, Vedin JA,
Wilhelmsson CE, Bengtsson C. A postmyocardial infarc-
tion clinic in Goteborg, Sweden. A follow-up of MI-
patients in a specialized out-patient clinic. Acta Med
Scand 1975; 197: 497-502.

10 Rose GA, Blackburn H. Cardiovascular survey methods.
Geneva: WHO, 1968: 64.

11 Vedin A, Wilhelmsson C, Elmfeldt D, Save-Soderbergh
J, Tibblin G, Wilhelmsen L. Deaths and nonfatal rein-
farctions during two-years follow-up after myocardial
infarction. Acta Med Scand 1975; 198: 353-64.

12 Cox DR. Regression models and life tables (with discus-
sion). Journal of the Royal Statistical Society (Series B)
1972; 34: 187-220.

13 Kalbfleisch JD, Prentice RL. The statistical analysis of
failure time data. New York: Wiley-Interscience, 1980.

14 Vedin JA, Wilhelmsen L, Wedel H, et al. Prediction of
cardiovascular deaths and non-fatal reinfarctions after
myocardial infarction. Acta Med Scand 1977; 201: 309-
16.

15 Wilhelmsson C. Hjartinfarkt i Goteborg 1968-1970.
Analys av fynd under siukhusvistelse och efterforlopp.
Elanders AB, Kungsbacka, 1974. Thesis.

16 Wilhelmsen L. One year's experience in an anti-smoking
clinic. ScandJ3 Respir Dis 1968; 49: 251-9.

17 Pohjola S, Siltanen P, Romo M, Haapakoski J. Effect of
quitting smoking on the long-term survival after
myocardial infarction [Abstract No 33]. Trans Eur Soc
Cardiol 1979; 1: 2.

Requests for reprints to Dr Goran Ulvenstam, Section
of Preventive Cardiology, Department of Medicine,
Ostra Hospital, S-416 85 Goteborg, Sweden.

422


